Introduction
Quality is the new mantra of American medicine and perhaps, in particular, American surgery. In fact, the American College of Surgeons' current slogan is 'Inspiring Quality: Highest Standards, Better Outcomes.' 1 But health care quality has proved challenging to define, much less improve. A variety of quality improvement programmes have been developed in order to meet this need: the National Surgical Quality Improvement Program (NSQIP), the Surgical Care Improvement Project (SCIP), the University Health Consortium Quality and Accountability Program (UHC-QAP) and the Leapfrog Group, among others. Each seeks to address one or more aspects of the three domains of healthcare quality measures: structure, process and outcome. 2 However, it has often proven surprisingly difficult to translate structure or process quality measure to improved outcomes. 3, 4 Quality improvement is particularly challenging for complex cancer care, where long-term outcomes result from high-quality care across a spectrum of specialties from radiology to surgery to medical and radiation oncology. 5 For complex cancer operations, individual hospital volume has been the dominant predictor of outcomes. 6 The positive correlation between volume and outcome was demonstrated for operations for pancreatic cancer (PC) more than a decade ago, 7, 8 yet there has been only a modest shift towards the use of higher volume centres for care. 9 Thus, assessment of the quality of the care of patients with PC must look beyond volume to describe other factors that correlate with optimal outcomes. In an effort to improve the quality of cancer care, the National Comprehensive Cancer Network (NCCN) began in the 1990s to publish clinical practice guidelines that encompass the diagnosis, treatment and palliation of common cancers based on the best available evidence and expert consensus. These guidelines are updated regularly as new evidence emerges and practice evolves, and are the most widely recognized cancer clinical care guidelines in the United States. While evidence-based practice guidelines are becoming more and more standardized as a means of quality improvement, 10 the effectiveness of guidelines depends not solely on the quality of the guideline but also on dissemination and compliance. 11 Broadly speaking, research into the effect of clinical practice guidelines on patient outcomes is still in its infancy, 12 and only a small number of publications are available that specifically investigate the impact of compliance with NCCN guidelines [13] [14] [15] The aim of the present study was to assess rates of compliance with NCCN guidelines and to analyse the impact of adherence on outcomes. We hypothesized that there is significant variation in the care of patients with PC, and that this variation impacts patient outcomes. To test this hypothesis, we performed a retrospective cohort study examining compliance with the NCCN guidelines for the management of PC in large California hospitals and the effect compliance had on patient.
Methods

Sources of data
The California Cancer Registry (CCR) 16 data were linked to the California Office of Statewide Health Planning and Development (OSHPD) patient discharge abstracts. This dataset was subsequently linked to hospital characteristics from the publicly available California Hospital Annual Financial Datafile (HAFD). 17 The CCR contains data collected via a state-wide cancerreporting programme mandated by the California Health and Safety Code (sections 103875-103885), and managed by the California Department of Health Services (DHS) in collaboration with the Public Health Institute and eight regional cancer registries. 16 California state law requires that all hospitals, physicians and certain other health care providers report every clinical encounter where cancer is the primary diagnosis regardless of treatment administered during the encounter. All relevant clinical, radiological and pathological data are reported, which decreases the loss to follow-up rate for patients who complete treatment within the state, even if primary and subsequent treatments are administered in different hospitals. The registry contains fewer than 3% missing race data; and fewer than 3% of records obtained from death certificates. In addition to detailed information about the individual tumours, with grade, stage and select molecular marker data, the database also contains census block group level sociodemographic data, including a validated composite socioeconomic status (SES) score. 18, 19 The California OSHPD patient discharge database compiles data for all discharges from more than 400 general, acute, nonfederal hospitals in the state. In addition to the principal diagnosis (reason for admission) and the principal procedure, coded using the International Classification of Diseases-9
th Clinical Modification (ICD-9-CM), the database also contains coding for up to 24 additional diagnoses (secondary diagnoses) and up to 19 additional procedures performed during the index hospitalization. California is one of only two databases, nationwide, to historically require all secondary diagnoses to be entered with concomitant coding for whether the condition was present on admission (CPOA). CPOA coding allows for distinction between comorbidities and hospital acquired conditions (i.e. complications), and therefore facilitates risk adjustment of outcomes in multivariable models. The database also contains demographic information including age at diagnosis, gender and insurance status. Hospital volume can be derived based on the total number of discharges for a particular diagnosis aggregated at the hospital level.
Data from the CCR are linked to OSHPD data using a probabilistic linkage method employing day, month and year of birth in conjunction with the patient's social security number. The linkage was performed by the staff at the CCR then stripped of linking variables before disclosure to the investigators. OSHPD-assigned unique hospital identifiers were then used to link the CCR-OSHPD data to California Hospital Annual Financial Data (HAFD). The HAFD contains hospital level characteristics such as geographic location, Medicaid utilization rate, hospital ownership and teaching hospital status as designated by the state.
The study was approved by the California Committee for the Protection of Human Subjects (CPHS), the California Cancer Registry and the Stanford University Institutional Review Board.
Study cohort
All patients admitted with the diagnosis of pancreatic adenocarcinoma (principal diagnosis code 157.0-157.3, 157.8) to California's general, acute, non-federal hospitals between 2001 and 2006, inclusive, were identified in the linked database described above. In order to limit the analysis to larger hospitals which would likely possess the personnel and resources to deliver multidisciplinary care, we only included hospitals with more than 400 beds. Fiftytwo hospitals were identified with Ն 400 beds; two were excluded because they are rehabilitation facilities. Eight academic hospitals were identified by affiliation with a medical school, whereas 'teaching hospitals' are designated in the dataset by affiliation with resident training (n = 19).
Compliance
In order to assess compliance during the years 2001-6, we started with the 2000 NCCN guidelines. 20 th edition would have tumours that would have been deemed resectable by experienced pancreatic surgeons (e.g. requiring portal vein resection/reconstruction or en-bloc resection of adjacent stomach, adrenal, etc.). However, appropriate resection of an adjacent portal vein or adjacent organs applies to a very small number patients on a population basis and thus, for our analysis, we assumed that T4 (and thus all stage IV) tumours were unresectable.
The NCCN guidelines do allow variation in care and evolve over time. For example, while adjuvant treatment of resected PC is standard, neoadjuvant care is explicitly mentioned as an acceptable alternative. In addition, the allowable chemotherapy and radiotherapy has evolved. The 2000 guidelines recommend gemcitabine for unresectable disease 23 and 5FU-based chemoradiation for all resected tumours (beyond Tis) based on the GITSG data. 24 However, subsequent modifications have included alternative regimens (e.g. adjuvant gemcitabine based on CONKO-1 25 ). The CCR data set includes a data point indicating that chemotherapy was recommended but not administered or the patient declined. These patients were recorded as having received the chemotherapy for our analysis to give the treating facility credit for the recommendation. While radiation was not required for compliant care at any stage, chemoradiation was considered compliant if administered in an adjuvant or neoadjuvant setting or with palliative intent in stage IV disease. Four patients were coded as having received radiation but no chemotherapy of any kind. We assumed that these patients had received 5FU concomitantly with the radiation (but this was omitted in the coding), and coded them as having received chemoradiation for our analysis. Surgical procedures were characterized by ICD-9 codes. Operations assumed to have been performed with curative intent included all pancreatectomies: 52. 
Data analysis
Analyses were performed using SAS 9.2 for Windows (SAS Institute Inc., Cary, NC, USA), and a two-sided P < 0.05 was considered statistically significant. Kaplan-Meier curves were generated to survival based on stage, compliance, academic volume and annual hospital volume. Multivariable and multilevel logistic regression analyses were used to calculate the adjusted OR predicting compliance (individual patient receipt of compliant care) and mortality as a function of patient characteristics and hospital characteristics (because compliance was defined by stage, it was excluded from the modelling). The same multivariable modelling was then used to calculate the adjusted OR for mortality as a function of patient characteristics, cancer stage and hospital characteristics. Patient level predictor variables included age, race/ ethnicity, gender, type of insurance and socioeconomic level. Severity of co-morbid illness was defined using the Deyomodified Charlson comorbidity index 26, 27 for each individual patient. Hospital characteristics evaluated for the study included annual PC volume, teaching status and academic affiliation. Case volume was divided into terciles (low 1-15; medium 16-25; high > 25) based on the number of annual discharges with a primary diagnosis of PC during the study period. All other hospital variables were defined in the HAFD.
Results
During the study period, 17 970 patients were treated for PC in 397 hospitals. Of these, 5690 (32%) were treated in the 50 hospitals that had 400 or more beds. After excluding 1984 patients with missing staging information, 3706 patients remained as the study cohort ( Table 1 ). The stage distribution was as follows: 17 Stage 0 (0.5%), 291 stage I (7.9%), 952 stage II (25.7%), 395 stage 3 (10.7%) and 2051 stage IV (55.3%). The 5-year survival for the entire cohort was 23%.
Care that was compliant with the NCCN guidelines was delivered to just 34.5% of patients overall, breaking down into 88.2% of Stage 0, 18.6% Stage I, 33.8% Stage II, 20.8% Stage III and 39.4% Stage IV. Among the 50 large hospitals in California, compliance ranged from 5% to 57%. Figure 1 shows the distribution of compliance of all 50 hospitals according to rank (highest compliance on left). The red bars indicate case volume, demonstrating that several of the higher volume hospitals nonetheless had poor compliance.
Of patients with stage I-III cancer just 28% received compliant care (surgery and chemotherapy or chemoradiation), 27% received no treatment or palliative intervention only, 21% underwent resection but received no adjuvant or neoadjuvant therapy and 24% received chemotherapy or chemoradiation for their localized pancreatic disease. Patients with stage IV disease received compliant care in 39% of cases; however, more than half (52%) received no treatment or palliative intervention only, and 9% underwent a formal pancreatectomy (+/-adjuvant therapy) in spite of having advanced disease.
A multilevel logistic regression analysis was performed to predict compliant care (Table 2) . After adjusting for patient and hospital factors, we found that patients older than 65 were less likely to get compliant care, as were patients of Hispanic origin and those of lower SES. Charlson's co-morbidity score was not uniformly associated with receipt of compliant care. While patients with Charlson scores of 1 or 2 (vs. 0) were less likely to get compliant care, patients with higher co-morbidity scores (Charlson 3, 41% of all patients) were more likely to receive compliant care. Thus, co-morbidities as measured by the Charlson composite score did not appear to be a strong predictor of the care provided. Although patients at academic and teaching hospitals were not more likely to receive compliant care on multilevel analysis, high-volume centres were more likely to deliver NCCN compliant care than mid-and low-volume centres.
Patients who received compliant care had reduced unadjusted mortality compared with those who received non-compliant care (Fig. 2a) , with a median survival of 8.8 [95% confidence interval (CI): 8.3-9.4] months vs. 3.9 months (95% CI: 3.6-4.4) (P Յ 0.0001). This effect was more pronounced for Stages I-III than Stage IV (Fig. 2b) . Survival was also better at academic centres than non-academic centres [median 4.0 (3.8-4.3) vs. 8.1 (7.2-9.0), P < 0.0001] and at high-volume centres > 25 cases/years compared with mid-and low-volume centres [median 7.2 (6.5-7.7), 3.9 (3.5-4.3) and 3.0 (2.7-3.4) respectively, P < 0.0001, comparing high to mid and low]. Of note, a similar magnitude survival benefit was seen for compliant care in an analysis of the nearly 18 000 patients treated for PC (irrespective of hospital size), although the survival curves for both compliant and noncompliant care patients were poorer in the hospitals with < 400 beds (data not shown). Table 3 shows the multilevel logistic regression analysis for predictors of mortality. In spite of controlling for patient demographics, co-morbidities and cancer stage, guideline compliance was associated with a 36% decreased odds of mortality (OR = 0.64 95% CI 0.53-0.77, P < 0.0001). Patient factors predictive of mortality included age greater than 65 years, a low SES and advancing cancer stage. Care at academic centres was associated with a decreased risk of mortality (OR 0.66; 95% CI 0.51-0.84; P < 0.005). Similarly, patients who received care at high-volume centres had significantly decreased mortality. In fact, patients who received care at low-and mid-volume centres had a significantly increased odds of mortality (3.2 and 2.5, respectively, see Table 2 ). Given the important effect that volume had on survival, it is important to note that patients who received compliant care had improved survival irrespective of the volume of the institution where they were treated (Fig. 3) .
Discussion
Overall compliance with NCCN guidelines in California's large hospitals was relatively poor, with just over a third of patients receiving compliant care. The importance of this lies in the fact that compliant care, when controlled for patient and hospital factors, was associated with almost a 40% reduction in the risk of mortality. Improved survival for patients receiving compliant care was seen for all stage of cancer, at both academic and nonacademic hospitals, and in high to low case-volume settings. Physician compliance with the NCCN guidelines for the management of PC can vary for a number of reasons. These factors can perhaps be divided into three broad categories: the hospital/ clinical environment, the patient factors and the doctor. The first of these centres around the availability of infrastructure and clinical resources. This includes everything from equipment (high-quality cross-sectional imaging and linear accelerator for radiation) to hospital services (beds, operating rooms and nursing) to medical expertise (medical and radiation oncology, and pancreatic surgery). All of these may contribute to variation in the care delivered, although the impact of each has not been well characterized. In order to try to limit the effect of this infrastructure element, we limited our analysis to traditional fullservice hospitals with greater than 400 beds. Physicians working in the 50 hospitals in California that make up our list should have access (within their own facility or very nearby) to the means to provide multimodality care for PC. In addition, certainly the experience and knowledge of the physician (or more often team of physicians) caring for a patient also contributes to the likelihood of providing compliant care. In the present study, it was not found that academic or teaching hospitals were more likely to be compliant on multilevel analysis. However, higher volume centres were more likely to give compliant care. This is consistent with accumulating evidence for a variety of cancers that higher volume hospitals and cancer centres are more compliant with treatment guidelines than lower volume centres. [28] [29] [30] The second factor in the variable delivery of compliant care is the patient him or herself. We found that older patients were less likely to get compliant care, which is possibly partly (although probably not exclusively) related to frailty associated with age. We also found that Hispanic and lower SES patients were less likely to get compliant care. Variations in cancer care based on ethnicity and SES are well documented in previous studies. 31, 32 Certainly, the overall health of the patient is probably a principle consideration in decisions surrounding a newly diagnosed PC. Surprisingly, the Charlson score was not uniformly a predictor of compliant care. While Charlson 1 and 2 patients were less likely to get compliant care (compared with patients with a Charlson of 0), Charlson 3 patients were more likely to get compliant care. This finding requires further investigation, but suggests that preexisting comorbidities are not the main barrier to care. The acute health (or ill health) of the patient would also certainly be a factor in care decisions.
The third factor in the variation in care is the doctor. Physicians are notoriously resistant at following guidelines across the entire spectrum of medical practice. [33] [34] [35] Specifically for PC, the poor overall prognosis for the bulk of patients with PC, combined with the high complications rates historically associated with pancreatic surgery, 30 may lead some physicians to therapeutic nihilism. Previous authors have demonstrated that a high percentage of patients with early stage PC do not undergo surgery. 36 Physicians frequently cite individual patient needs and situational complexity in non-compliance with clinical practice guidelines. 33 There is complexity to the multimodality care of patients with PC, and certainly care must at times be tailored to the tumour and patient. However, we sought to define compliance in broad terms to avoid debates like those between adjuvant vs. neoadjuvant, specific chemotherapy regimens or chemotherapy vs. chemoradiation. Thus, within our definition of compliance, certainly wide variation in practice would be permissible. However, in spite of a low bar, compliance was poor.
The present study is limited by the very nature of the database. The nature of a retrospective analysis of secondary data limits our ability to attribute causality. Specifically, in this study, the 'true' stage of patients who did not undergo surgery (and hence are staged based on radiographic data alone) is less certain. However, the Kaplan-Meier survival curves by stage in this cohort (despite only a minority undergoing surgery) are entirely typical (data not shown). In addition, the radiographical staging is in fact the basis of clinical care decisions (and thus should be the data underlying the offer of compliant care). Certainly a portion of patients with PC will have such a poor performance status on presentation that compliant care, based on their radiographical staging alone, is not feasible because of their poor performance status. This data set does not allow us to tease out the impact this element has on the delivery of compliant care. The CCR does not include a measure of acute performance status (e.g. Karnofsky score). However, we found a wide variation in compliance across hospitals, although patients with similar staged cancer would presumably present suffering similar sequelae from their tumours. Furthermore, while there are data confirming that performance status impacts shortterm outcomes in pancreas surgery, 37, 38 and thus undoubtedly does influence the decision regarding surgical resection, the poor compliance for even those patients who are clinically Stage I or II suggests that it was not generally the ill health of the patients that was the barrier. Performance status does also impact survival for stage IV disease. 39 However, for these patients, the NCCN guidelines explicitly recommend Gemcitabine chemotherapy for both good and poor performance status patients as a Category 1 recommendation because of the proven palliative benefit. 20 Thus, given the strong correlation we have demonstrated between compliance and patient level outcomes, the lack of a Karnofsky performance measure is likely to represent a small deficiency in the current analysis.
Patient preferences may affect adherence with guidelines. 40 Although this element cannot be directly assessed with respect to surgical intervention with our data, we have accounted for this with respect to delivery of chemotherapy. The CCR database does include a variable noting that chemotherapy was recommended but not delivered or refused. These patients were coded for our analysis as having received chemotherapy, so that facilities were not penalized if patients declined chemotherapy.
The development of quality indicators for PC care has proved extraordinarily challenging. 41 In spite of interest in identifying a new 'yardstick,' the principle measures of quality in PC have, for some time, been surgical case volume and peri-operative mortality. 42, 43 Our data does confirm a clear relationship between case volume and outcomes. While volume has been a principle indicator of quality for all complex surgery, it remains problematic. The definition of high volume in the literature varies widely, 44 and patients are not clearly migrating to higher volume centres. 9 Programmes such as NSQIP and UHC-QAP target another quality metric, post-operative morbidity and mortality complications. While post-operative complications certainly impact long-term survival in PC, 45 the mere avoidance of complications falls far short of assessing the multimodality care of the PC patient. Furthermore, a minority of patients with PC go to surgery, so these outcome measures do not apply. In contrast, compliance with the NCCN clinical practice guidelines possibly offer a process and appropriateness measure that is associated with improved outcomes. Clearly, the NCCN guidelines are not designed at present to be a quality indicator. They represent a consensus approach to care pathways to be offered to patients. Quality measures typically imply that non-compliance is an indicator of poor care. Arguably, for a portion of the patients in our cohort, the choice against surgery or chemotherapy was absolutely appropriate. However, there is little doubt that a gap remains in care. We believe that motivating physicians to provide compliant care (or explain why compliant care was not appropriate/offered/accepted in individual cases) would improve the overall care of patients with PC.
In conclusion, the present study showed a poor rate of compliance with NCCN guidelines for PC in California's large hospitals. Compliance was correlated with decreased mortality. Measures should be taken to improve compliance in the care of these patients.
